Several cetacean species have demonstrated epimeletic behavior that relies on the tight social bonds between conspecifics. These behaviors and the corresponding vocalizations were recorded during a rare encounter with a group of Indo-Pacific humpback dolphins (Sousa chinensis) that included a presumed mother and deceased calf, in Sanniang Bay, China. The observed dolphins were divided into 2 apparent groups: 1) a central group with the presumed mother and her deceased calf, along with 1 to 6 other individuals swimming in synchrony with the presumed mother; and 2) a following group of several individuals, dispersed over varying distances from approximately 20 to > 300 m, that swam in the same direction as the central group. The mother was seen mostly supporting the calf's body using her back, anterior to the dorsal fin and posterior to the melon, while the other members of the central group exhibited standing-by behaviors (i.e., remaining close to the deceased calf but not providing aid). Whistles in this context were of a longer duration and a higher complexity in the frequency modulation compared to social contexts. Several whistle types were also repeated frequently. This paper provides a detailed description of epimeletic behavior and the whistles possibly associated with that behavior in an endangered population of Indo-Pacific humpback dolphins.
Epimeletic behavior occurs when 1 or more individuals assist other distressed, injured, dying, or deceased conspecifics (Caldwell and Caldwell 1966) . This behavior has been reported for several cetacean species, in both captive and wild populations, such as Risso's dolphin, Grampus griseus (Palacios and David 1995) ; rough-toothed dolphin, Steno bredanensis (Lodi 1992; Ritter 2007; de Moura et al. 2009 ); tucuxi, Sotalia fluviatilis (Santos et al. 2000) ; long-beaked common dolphin, Delphinus capensis (Park et al. 2012) ; La Plata river dolphin, Pontoporia blainvillei (Cremer et al. 2006) ; bottlenose dolphin, Tursiops truncatus (Cockcroft and Sauer 1990; Harzen and dos Santos 1992; Fertl and Schiro 1994; Kurimoto 2003; Kuczaj et al. 2015) ; and Atlantic spotted dolphin, Stenella frontalis (Hering 1996; Alves et al. 2015) . The direct aid-provider is typically 1 or more individuals, with the aiding individual (referred to as the supporter) providing assistance using the melon, rostrum, or the leading edge of the dorsal fin (Fertl et al. 1994) . However, in instances where multiple individuals (referred as multi-individual scenarios) are involved, they are more likely to fall into formation to provide aid (Park et al. 2012; Kuczaj et al. 2015) . A handful of studies have recorded vocalizations when dolphins were engaged in epimeletic behaviors (Lodi 1992; Kuczaj et al. 2015) , although the vocalizations associated with this behavioral context are largely unknown, especially for the Indo-Pacific humpback dolphin (Sousa chinensis).
Two types of epimeletic behaviors have been identified: 1) nurturant, when aid is directed toward younger individuals; and 2) succorant, when care is aimed at adults (Caldwell and Caldwell 1966) . Caldwell and Caldwell (1966) further categorized epimeletic behaviors in cetaceans into 3 categories, depending on the behavior exhibited by the participants: 1) standing-by (individuals remaining close to the deceased or distressed individual but not providing aid); 2) excitement (the hyperexcitable behaviors such as erratic swimming around the injured group members, interposing their body between boats and the injured individual, or pushing the aid-receiver away from a danger source); and 3) supporting behavior (supporting the carcass or injured animal at the surface). Standing-by behaviors have been demonstrated in rough-toothed dolphins (Ritter 2007) , whereby 1 or 2 individuals escorted a motherdead calf pair and swam in a highly synchronous manner with the mother, but did not support the carcass directly (Ritter 2007) . Excitement behavior was exhibited by bottlenose dolphins, whereby 4 of 5 dolphins in a group often placed themselves between a vessel and the injured dolphin, despite observations being made at a distance (Warren-Smith and Dunn 2006) .
Sound plays the most vital role in dolphin communication (May-Collado 2010), with interspecies differences resulting from a combination of factors, such as differences in body size, social structure, and phylogenetic relatedness (May-Collado et al. 2007a , 2007b May-Collado 2010) . Intraspecies differences, however, are likely linked to the ambient noise environment in which recordings were undertaken (Morisaka et al. 2005; Papale et al. 2015) . Dolphin communication signals are highly variable, with specific calls, whistle features, or vocal rates being context-dependent (May-Collado 2010). For example, whistle rates in bottlenose dolphins were significantly higher in the presence of a vessel (Buckstaff 2004) , and the emission of signature whistles and the number of repetitive loops was greater during capture-release events (Esch et al. 2009 ). Intermediate frequency and duration of whistles were recorded from an interspecies interaction between Guyana dolphins (Sotalia guianensis) and bottlenose dolphins compared to when dolphins were in intraspecific groups (May-Collado 2010) . During an infanticide event, low-frequency sounds, possibly produced by the attacking males, often occurred in bouts, but the mother emitted her signature whistles at a higher rate, and thus was highly likely to be expressing context-specific information (Perrtree et al. 2015) . The only known characterization of whistles associated with epimeletic behaviors is for a group of Atlantic bottlenose dolphins aiding a distressed individual (Kuczaj et al. 2015) . The whistle rates produced by the distressed dolphin were positively correlated with the occurrence of the supporting behaviors the distressed dolphin received from other dolphins (Kuczaj et al. 2015) . However, no studies or information on whether Indo-Pacific humpback dolphins change their vocalizations when performing epimeletic behaviors were found.
Indo-Pacific humpback dolphins are small coastal cetaceans found from eastern India throughout Southeast Asia and China (Jefferson and Rosenbaum 2014) . Within Chinese waters, IndoPacific humpback dolphins are listed as Vulnerable on the IUCN Red List (Reeves et al. 2008) . In 1988, this species was listed as Grade 1 on the Chinese National Key of Protected Animals and was listed under the Chinese Red List of Endangered and Threatened Wildlife and Plants in 1994. In this paper, we report on the observed epimeletic behavior and corresponding whistle characteristics in a group of wild Indo-Pacific humpback dolphins in Sanniang Bay, China.
Materials and Methods
Data collection.-This case was observed in the waters near Sanniang Bay, Guangxi Province, China ( including both adults and juveniles) with an adult individual supporting a deceased calf on the surface at a distance to the research vessel between 30 and 200 m. Behavioral data were collected using a focal animal sampling method (Altmann 1974; Mann 1999) , while acoustic data were collected only when the research vessel was close to the central group, after turning off the engine. Photographs, video, and underwater acoustic recordings were collected using a Canon EOS-1D Mark IV digital camera (Canon, Tokyo, Japan) with a fitted 100-400 mm zoom lens (photos), an iPhone 5s cell phone (video), and a calibrated recording system comprised of a CRT C55 hydrophone (Cetacean Research Technology, Seattle, Washington; frequency response 9 Hz to 100 kHz +3/−12 dB; −165 dB re 1 V/µPa sensitivity), a 1 MHz bandwidth EC6080 preamplifier (Reson, Slangerup, Denmark; model VP2000; high-pass and low-pass filters set at 100 Hz and 100 kHz, respectively, to prevent aliasing), and a Fostex FR-2 field memory recorder (Fostex, Tokyo, Japan; 24 bit with 192 kHz sampling rate and flat response between 20 Hz and 80 kHz ± 3 dB) (underwater acoustic recordings). Each photograph, video recording, and acoustic recording was time-stamped, which allowed for the data recording systems to be time-synced.
Data analysis.-Video records were analyzed using an alloccurrence sampling method (Altmann 1974) for documenting behaviors of the individuals within the central group and the following group. Changes in behavior within each video file were noted.
Acoustic recordings were inspected using Raven Pro 1.4 software (Cornell Laboratory of Ornithology 2011) using the following FFT settings: window type: Hanning; window size: 2,048; 3 dB filter bandwidth: 135 Hz; time grid overlap: 50%; hop size: 5.33 ms; frequency grid DFT size: 2,048; grid spacing: 93.8 Hz. Clicks, burst pulses, and whistles were all recorded, but only whistles were taken into consideration. This was because whistles are considered to function as communicative signals in Indo-Pacific humpback dolphins, but also they are not cut off by the limited sampling rate (Au and Hastings 2008; Janik 2009 ). Wang et al. (2013) characterized the whistle repertoire of Indo-Pacific humpback dolphins in Sanniang Bay for typical behaviors, providing a useful baseline for which to compare the whistles in this study. To conform to the methods described by Wang et al. (2013) , whistles within this study were classified into 6 categories: U-shaped, convex, rise, flat, down, and sine. If whistles exceeded a 10 dB signal to noise ratio (SNR), they were characterized based on start frequency (SF), end frequency (EF), minimum and maximum frequency (MinF and MaxF), delta frequency (DelF, defined as MaxF minus MinF), duration, start sweep (SS, down = 1, flat = 2, and rise = 3), number of inflection points (NoIP), and number of gaps (NoG). An independent t-test was used to compare the means of the parameters between the present study and that of Wang et al. (2013) . results This dolphin group was followed for approximately 4 h, from 1208 to 1554 h, when this adult-dead calf pair were no longer in sight. The carcass was not recovered during the observations so to not disrupt the adult-dead calf pair, which appeared to be tightly bonded.
From photographs, the dead calf was confirmed to be male with multiple scratches on his body (Fig. 2) . This group was confirmed to include 22 individually recognized dolphins. The same recognized adult dolphin, assumed to be the dead calf's mother, spent most of the observation time pushing the carcass with her rostrum and back anterior to the dorsal fin (Fig. 3) . The adult-dead calf pair was consistently accompanied by 1 to 6 dolphins for the entire 4 h of observations, forming the central group that swam in synchrony (Fig. 3b) . The remaining dolphins swam toward the central group but were dispersed at varying distances from approximately 20 to > 300 m. All those individuals within the central group or following group swam calmly, never showing any aggressive behavior toward the adult-dead calf pair.
Descriptions of the behaviors observed from the 16 video segments, totaling 36 min 37 s, are provided in Supplementary Data SD1. Observed behaviors could be subdivided into 1) standingby behavior; 2) excitement behavior; and 3) supporting behavior, as described by Caldwell and Caldwell (1966) . Supporting behaviors were performed by the presumed mother for the majority of the observation time. No other individuals were seen performing those supporting behaviors. Occasionally, the presumed mother dived, taking the dead calf with her.
In total, 97 min of sound recordings were successfully obtained throughout the observation period, and varied between 49 s and 11 min. From those 97 min of sound recordings, 307 whistles were counted. However, those vocalizations reflected group activity rather than a specific individual animal, a limitation of using a single hydrophone. A total of 198 whistles with distinguishable fundamental contours over the 10 dB SNR threshold were selected for type classification, from which 37 whistles were down-sweep type, 29 upsweep type, 29 convex type, 27 flat type, 14 sine type, 10 U-shaped type, and 52 were looped. Looped whistles were common, accounting for 26.3% of classified whistles. Specifically, 5 kinds of whistle units (loop) or whistles were heard repeatedly, identified as type 1 through 5, and were repeated 40, 30, 19, 17, and 16 times, respectively (Fig. 4) . A total of 137 start and end points from unambiguously identified whistles were used to measure the acoustic parameters. Frequency-based parameters were all between 5 and 8 kHz (SF: 6.37 ± 3.34 kHz, EF: 6.13 ± 3.40 kHz, MinF: 5.28 ± 2.80 kHz, and MaxF: 7.42 ± 3.52 kHz), and the mean (± SD) NoIP was 1.04 ± 1.44 and mean (± SD) duration of 468.6 ± 248. 92 ms. In this study, the mean duration and mean number of inflection points were higher than those reported by Wang et al. (2013) when dolphins were in resting, milling, socializing, or feeding behaviors (independent sample t-test, P < 0.001; Table 1 ).
discussion
Observations documenting the behaviors in which dolphins interact with dead individuals, especially calves, may offer important information into their perspectives on death. Coupled with an understanding of the whistles potentially associated with those interactions with dead individuals may also offer insights into the emotional state being expressed in odontocetes. Many species have been reported to express emotional states by varying call types, or by changing parameters such as call rates (Popik et al. 2012; Brudzynski 2013 Papale et al. 2015) . In this study, longer duration and greater number of inflection points compared to calls given during other behaviors suggest possible context-related differences. The longer and more complex whistles in this study may encode greater amounts of emotional information, which would be expected in the epimeletic case. In addition, more looped whistles were found. However, in analyses of other Indo-Pacific humpback dolphins in Sanniang Bay, looped whistles are rarely observed (Z. Cheng et al., pers. obs.). Higher occurrences of looped whistles have been heard from bottlenose dolphins during brief capture-release events (Esch et al. 2009) . A relatively high proportion of looped structures by those bottlenose dolphins indicate stress, which may also be the case for the group of humpback dolphins observed in the current study.
Vocalizations associated with epimeletic behaviors are poorly understood; however, 2 studies show dolphins to be highly vocal when exhibiting epimeletic behaviors (Lodi 1992; Kuczaj et al. 2015) . Whistles are the most prevalent vocalization for intraspecific communication (Herman and Tavolga 1980) and humpback dolphins emit various tonal whistle types (Van Parijs and Corkeron 2001) . The predominate whistle type described by Wang et al. (2013) when Indo-Pacific humpback dolphins were engaged in typical behaviors was the flat type (39.5%), which differed from whistles observed in this study, whereby the down-sweep type was the most common whistle type produced (25.3%; 18.7% when looped whistles are included). However, the sample size (198 whistles and 1.5 h of recording in the present study versus 2,651 whistles and 39 h of recording by Wang et al. 2013) could affect this interpretation. Kuczaj et al. (2015) found signature whistles were consistently repeated when a bottlenose dolphin sought aid from others. Cheng et al. (2017) found evidence for signature whistle production of Indo-Pacific humpback dolphins in Sanniang Bay. In the current study, whistle types 3 and 5 matched the SIGnature IDentification (SIGID) requirement that Janik et al. (2013) developed to confirm signature whistles. However, it remains unknown if signature whistles play a role in IndoPacific humpback dolphin epimeletic behavior. Future research should focus on confirming whether signature whistles exist in Indo-Pacific humpback dolphins, and if so, then the role of signature whistles in epimeletic behaviors could be better investigated.
In the present study, the supporter (presumed to be the mother) pushed the carcass using the front part of the dorsal fin for the majority of the time. The accompanying individuals swam calmly and were not seen trying to support the carcass or showing aggressive behavior to the adult-dead calf pair. Most object-carrying events are considered to be related to animal play. Both wild and captive delphinids are known to carry objects on the rostra, melons, fins, or tail flukes (see Miles and Herzing 2003; Kuczaj and Yeater 2006; Wang et al. 2015 for examples). Known nonplay object manipulation activities Table 1 .-Descriptive statistics (mean ± SD) for start frequency (SF), ending frequency (EF), minimum frequency (MinF), maximum frequency (MaxF), delta frequency (DelF, obtained by the algorithm MaxF − MinF), duration, start sweep (SS, down = −1, flat = 0, rise = 1), ending sweep (ES, down = −1, flat = 0, rise = 1), number of inflection points (NoIP), and number of gaps (NoG) of whistles of a group of Sousa chinensis in epimeletic behavior (n = 137), and comparison with when S. chinensis were engaged in resting, milling, socializing, or feeding reported in Wang et al. (2013) (n = 2,651). Bold font indicates significant differences between the present study and that of Wang et al. (2013) by independent sample t-tests.
Parameters
Present study Wang et al. (2013) 
P-value
Mean ± SD Mean ± SD SF (kHz) 6.34 ± 3.34 6.51 ± 3.50 P = 0.5785 EF (kHz) 6.13 ± 3.40 6.13 ± 3.01 P = 1.0000 MinF (kHz) 5.28 ± 2.80 5.07 ± 2.18 P = 0.2792 MaxF (kHz) 7.42 ± 3.52 7.69 ± 3.77 P = 0.4123 DeF (kHz) 2.13 ± 2.04 6.35 ± 2.79 P < 0.0001 Duration (ms) 468.57 ± 248. 92 370.19 ± 285.61 P = 0.0001 SS 2.22 ± 0.88 1.97 ± 0.85 P = 0.0008 ES 1.93 ± 0.90 1.97 ± 0.77 P = 0.5568 NoIP 1.04 ± 1.44 0.6 ± 1.04 P < 0.0001 NoG 0.45 ± 1.30 0.37 ± 0.82 P = 0.2827 in delphinids are epimeletic behavior and foraging specializations that involve tool use, as seen in bottlenose dolphins in Shark Bay, Australia (Smolker et al. 1997; Allen et al. 2011) . In the present study, the supporting behavior was observed solely from the presumed mother, perhaps because she could manage the small carcass and thus other individuals were not needed for physical support. The length of time these behaviors continue is case-specific, between less than a day (such as the case of Atlantic spotted dolphins, when the calf was abandoned soon after death- Alves et al. 2015) and 6 days (the longest known example, involving rough-toothed dolphins -Ritter 2007) . For the present study, it is unknown how long this supporting behavior continued. Unfortunately, the carcass was not collected and therefore cause of death was not confirmed. Calf mortality rates of IndoPacific humpback dolphins within Sanniang Bay are unknown; however, it can be as high as 32.1% of overall stranded mortality in Hong Kong waters (Jefferson et al. 2011 ) and 34.2% in the Pearl River Estuary (PRE-Zheng et al. 2016) . Commonly listed possible causes of observed infant mortality include water pollution, anthropogenically induced disturbances, and infanticide. For example, Jefferson et al. (2006) found higher dichlorodiphenyltrichloroethane (DDT) and polychlorinated biphenyl (PCB) concentrations in older males. For females, such concentrations increased only through sexual maturity and then decreased for a time followed by an increase again later in life (Jefferson et al. 2006) . A possible explanation for the varying concentrations in female dolphins is that mothers might transfer pollutants to their offspring during gestation and lactation (Jefferson et al. 2006 ). In the Beibu Gulf, Phaeocystis globosa algal blooms have been reported annually since 2011 (Qin et al. 2016) . For this study, the data were collected during a 2-month-long P. globosa bloom, which started in December 2014 (Qin et al. 2016) . However, links between the algal bloom and calf mortality are still unknown.
Anthropogenically induced disturbances to the dolphins are another concern for calf mortality. For example, an adult Indo-Pacific humpback dolphin was found entangled in discarded fishing gear within the Beibu Gulf (Cheng et al. 2017) . Persistent boat noise from whale-watching vessels has been found capable of disrupting mother-calf communication (Li et al. 2015) , as well as inducing avoidance-like behaviors, such as erratic changes in swimming direction and speed and longer diving times (Ng and Leung 2003; Piwetz et al. 2012 ).
Infanticide is a third possible cause for calf mortality, with several cases reported in bottlenose dolphins (Patterson et al. 1998; Dunn et al. 2002; Kaplan et al. 2009; Robinson 2014; Perrtree et al. 2015) . A recent study indicated infanticidal behavior may be common among Indo-Pacific humpback dolphins, with an overrepresentation of males among reported cases and thus suggesting male calfs are more likely to be attacked (Zheng et al. 2016) . The length of Indo-Pacific humpback dolphin calves at birth is estimated to be approximately 100 cm (Cockcroft 1989; Jefferson et al. 2011) . The calf observed in this study was identified as a male, approximately 100 cm, with scratches all over the body. Therefore, infanticidal behavior could be a possible reason for the death of the calf, although such conclusions cannot be confirmed.
Epimeletic behavior is well documented in a range of terrestrial species, such as giraffes, nonhuman primates, and elephants (Douglas et al. 2006; Li et al. 2012; Strauss and Muller 2013) . Carrying deceased offspring appears common among primates, and Li et al. (2012) summarized the mechanisms to be either the post-parturient condition hypothesis (Kaplan 1973; Biro et al. 2010) , the slow decomposition hypothesis (Fashing et al. 2011) , or the unawareness of death hypothesis (Hrdy and Liesen 2001) . Of potential concern is the effect of swimming with a dead-calf's body on the maternal energy budget (Noren 2008) . In this study, the presumed mother was observed supporting the carcass for over 4 h without feeding, having potential impact on her fitness. Interestingly, none of the previously described hypotheses for terrestrial species listed above appears to explain the reasons for this epimeletic behavior in these humpback dolphins. Therefore, interpreting it in a more traditional way may be appropriate, as either altruism (disregarding one's own fitness for the sake of another unrelated individual- West et al. 2007 ), kin selection (disregarding one's own fitness for the sake of a related individual -Hamilton 1963; Griffin and West 2002) , or reciprocal altruism (proposed to occur in dolphins by Connor and Norris 1982) . In the present study, one explanation for these behaviors is that members of the central group were close relatives, with a form of kin selection being observed. However, to date, there is no knowledge from DNA or photo identification work to confirm relationships among these dolphins, and thus this explanation requires further investigation.
While preliminary, this study extends our knowledge of epimeletic behaviors and corresponding vocalizations in IndoPacific humpback dolphins. However, further research other than behavioral descriptions is needed to better understand this species, such as a confirming the vocalizations from the supporter and confirming the presence of signature whistles in this species, as well as the role of signature whistles in epimeletic behaviors, and the driving force behind it.
suppleMentary data
Supplementary data are available at Journal of Mammalogy online. Supplementary Data SD1.-Descriptions of the epimeletic behaviors observed from a group of Indo-Pacific humpback dolphins (Sousa chinensis) that were made in Sanniang Bay, Guangxi Province, China, on 20 December 2014.
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